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1. REAL PARTY IN INTEREST 

The real party in interest is the assignee, Research Development Foundation. 

II. RELATED APPEALS AND INTERFERENCES 
There are no related appeals or interferences. 

III. STATUS OF THE CLAIMS 

Claims 1-21 were originally filed. Claims 1-14 and 20-21 are withdrawn. Claim 18 
was canceled. Claims 15-17 and 19 are under examination and are the subject of appeal. 

IV. STATUS OF AMENDMENTS 
There are no pending amendments. 

V. SUMMARY OF THE CLAIMED SUBJECT MATTER 

The present invention generally concerns compositions related to conjugates or fusion 
proteins of tumor necrosis factor (TNF) to scFv-23, a single chain antibody that exhibits 
binding specificity for an extracellular epitope of c-erbB-2, as represented in claims 1 5 and 
16, respectively, and as described in the specification at least on page 5, line 13-page 6, line 

2. In particular aspects the invention further concerns the fusion protein being recombinantly 
produced by fusing a gene encoding the single chain antibody to a gene encoding TNF, as 
represented in claim 17, and as described in the specification at least on page 5, line 13 -page 
6, line 2. In further aspects of the invention, the conjugate composition is comprised in a 
pharmaceutically acceptable vehicle, as represented in claim 19, and as described on page 48, 
lines 5-9. 
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VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

Claims 15 and 19 are rejected under 35 U.S.C. § 103(a) as allegedly being 
unpatentable over King et al (U.S. Patent No. 5,587,458; "King") in view of Rosenblum et 
al (Cancer Communications, 1991, Vol. 3, pp. 21-27; "Rosenblum"). 

Claims 15-17 and 19 are rejected under 35 U.S.C. §103(a) as allegedly being 
unpatentable over King and Rosenblum and further in view of Gillies (U.S. Patent No. 
5,650,150). 

VII. ARGUMENT 

A. Substantial Evidence Required to Uphold the Examiner's Position 

As an initial matter, Appellants note that findings of fact and conclusions of law by 
the U.S. Patent and Trademark Office must be made in accordance with the Administrative 
Procedure Act, 5 U.S.C. § 706(A), (E), 1994. Dickinson v. Zurko, 527 U.S. 150, 158 (1999). 
Moreover, the Federal Circuit has held that findings of fact by the Board of Patent Appeals 
and Interferences must be supported by "substantial evidence" within the record. In re 
Gartside, 203 F.3d 1305, 1315 (Fed. Cir. 2000). In Gartside, the Federal Circuit stated that 
"the 'substantial evidence' standard asks whether a reasonable fact finder could have arrived 
at the agency's decision." Id. at 1312. 

Accordingly, it necessarily follows that an Examiner's position on Appeal must be 
supported by "substantial evidence" within the record in order to be upheld by the Board of 
Patent Appeals and Interferences. 

B. Issues under 35 U.S.C. §103(a) 

1. King in view of Rosenblum 
Claims 15 and 19 are rejected under 35 USC § 103(a) as being unpatentable over King 
et al (U.S. Patent No. 5,587,458; "King") and Rosenblum et al (Cancer Communications, 
1991, vol. 3, pp. 21-27; "Rosenblum"). Appellants respectfully disagree. 
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There is no motivation or suggestion to combine Rosenblum and King, and therefore 
the Examiner has failed to make a prima facie case of obviousness. King concerns a 
conjugate of single chain anti-erbB-2 antibodies to a cytotoxic moiety, and Rosenblum 
describes conjugation of TNF to a murine antibody, ZME-018, which binds an epitope of a 
high molecular weight antigen, gp240, found on the surface of some melanoma cells. King 
makes no mention or suggestion to employ TNF as a cytotoxic moiety and, more importantly, 
provides no motivation to employ TNF. In column 8, lines 47-54, King teaches the skilled 
artisan to employ antibodies attached to cytotoxic moieties, such as radioactive materials, 
anti-cancer drugs, anti-metabolies, inhibitors of protein synthesis, and agents that bind DNA. 
None of these are cytokines, and there is no suggestion to use cytokines. King explicitly 
provides a list of usable moieties and yet excludes cytokines in the list, so the skilled artisan 
would have no motivation or suggestion to employ cytokines, and certainly not to utilize TNF 
specifically. 

In fact, King also provides no motivation or suggestion to combine with another 
reference, and certainly not Rosenblum, because King heralds the use of conjugation of the 
antibody e23 to the exemplary Pseudomonas exotoxin A variant PE40 and derivatives thereof 
as cytotoxic moieties (see at least column 8, line 47-column 9, line 1 1 and column 1 8, line 
60-column 21, line 19), so there would be no motivation to utilize any reagents other than 
what is taught by King as being successful or as alternatives thereto. Given that King reports 
success with the technology, one of skill in the art would find no motivation to expend time 
and resources to alter successful protocols. 

Appellants note that the person of ordinary skill in the art is an objective legal 
construct presumed to think along conventional lines without undertaking to innovate, 
whether by systematic research or by extraordinary insights. Life Technologies, Inc. v. 
Clontech Laboratories, Inc., 224 F.3d 1320, 56 U.S.P.Q.2d 1186 (Fed. Cir. 2000), citing The 
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Standard Oil Co. v. American Cyanamid Company, 774 F.2d 448, 227 U.S.P.Q. 293 (Fed. 

Cir. 1985), which states the following: 

The statutory emphasis is on a person of ordinary skill. 
Inventors, as a class, according to the concepts underlying 
the Constitution and the statutes that have created the patent 
system, possess something—call it what you will— which sets 
them apart from the workers of ordinary skill, and one 
should not go about determining obviousness under § 1 03 by 
inquiring into what patentees (i.e., inventors) would have 
known or would likely have done, faced with the revelations 
of references. A person of ordinary skill in the art is also 
presumed to be one who thinks along the line of 
conventional wisdom in the art and is not one who 
undertakes to innovate, whether by patient, and often 
expensive, systematic research or by extraordinary insights, 
it makes no difference which (emphasis added). 

Even if one were motivated to combine the teachings of King with another reference, 
which Appellants do not acquiesce, there is no motivation or suggestion to specifically 
combine King with Rosenblum. Rosenblum similarly reports success with his technology 
(see at least right column or p. 23-right column of p. 25; "impressive growth inhibition 
effects" (p. 25, right column)). Also, King was filed two years after Rosenblum, and yet 
King chose not to describe or even suggest conjugating scFv23 to TNF even though a variety 
of cytotoxic moieties were listed in King (see at least column 8, lines 47-54). In addition, by 
teaching use of a monoclonal antibody, Rosenblum teaches away from using a single chain 
antibody. By describing conjugation of TNF to an antibody specific for a melanoma, 
Rosenblum at most might lead one of skill in the art to crosslink TNF to an alternative 
monoclonal antibody specific for a surface epitope of a melanoma cell. Even if Appellants 
were to acquiesce that Rosenblum provides motivation to utilize antibodies other than ZME- 
018 for delivery of TNF, which they do not, there is no guidance or suggestion in King which 
of the plethora of antibodies in the art to select from. 

Appellants thus contend that the Examiner has engaged in an improper hindsight 
reconstruction, picking and choosing from King and Rosenblum that differ in their teachings. 
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"One cannot use hindsight reconstruction to pick and choose among isolated disclosures in 
the prior art to depreciate the claimed invention." In re Fina, 5 USPQ2d 1596, 1600 (Fed. 
Cir. 1988). 

Appellants also respectfully remind the Examiner that section 103 requires 
consideration of the claimed invention "as a whole." This "as a whole" requirement prevents 
evaluation of the invention part by part, in hindsight. Envtl Designs, Ltd, v. Union Oil Co,, 
713 F.2d 693, 698 (Fed. Cir. 1983). Without this requirement, an obviousness assessment 
could break an invention into its component parts (in specific embodiments, e.g., conjugation 
of scFv23 antibody and TNF), then find a prior art reference containing the component parts 
{e.g., conjugation of scFv23 as described by King and TNF as described by Rosenblum), and 
on that basis alone declare the invention obvious. The courts have refused to act on this type 
of hindsight reasoning, which uses the invention as a roadmap to find its prior art 
components. This type of analysis discounts the value of novel selection inventions. Thus, 
the courts have required that an Examiner must show some suggestion or motivation, 
excluding the invention itself, to make the new combination. See In re Rouffet, 149 F.3d 
1350, 1355-56 (Fed. Cir. 1998); In re Lee 277 F. 2d 1338, 61 USPQ 2d 1430 (Fed. Cir. 
2002); and c.f Ruiz v. A.B. Chance Co., F.3d 1270 (Fed. Cir. 2004) (emphasis added). 

Furthermore, on page 3 of the Action, the Examiner states that one of skill in the art 
would have been motivated to substitute TNF for the cytotoxic moiety employed in King. As 
noted in MPEP 2144.03 and in keeping with In re Zurko (258 F.3d 1385, 59 USPQ2d 1697 
(Fed. Cir. 2001)), an assessment of basic knowledge and common sense that is not based on 
any evidence in the record lacks substantial evidence support, and the Examiner has provided 
no evidentiary support for the assertion that one of skill in the art would be motivated to 
change the cytotoxic moiety of King to TNF. The Examiner must provide specific factual 
findings predicated on sound technical and scientific reasoning to support his or her 
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conclusion of common knowledge. In re Chevenard, 139 F.2d 713, 60 USPQ 241 (CCPA 
1943). In re Soli, 317 F. 2d 941 , 945-946, 137 USPQ 797, 800 (CCPA 1963). Moreover, if 
the Appellant adequately traverses the Examiner's assertion of official notice, the Examiner 
must provide documentary evidence in the next action if the rejection is to be maintained. 
See 37 CFR §1.104 (c)(2) and Zurko, 258 F.3d at 1386, 59 USPQ2d at 1697. If the Examiner 
is relying on personal knowledge to support the finding of what is known in the art, the 
Examiner must provide an affidavit or declaration setting forth specific factual statements and 
explanation to support the finding. See 37 CFR §1.1 04(d)(2). 

Official notice unsupported by documentary evidence should only be taken by the 
examiner where the facts asserted to be well-known, or to be common knowledge in the art, 
are capable of instant and unquestionable demonstration as being well-known. As noted by 
the court in In re Ahlert, 424 F.2d 1088, 1091, 165 USPQ 418, 420 (CCPA 1970), the notice 
of facts beyond the record which may be taken by the examiner must be "capable of such 
instant and unquestionable demonstration as to defy dispute" (citing In re Knapp Monarch 
Co., 296 F.2d 230, 132 USPQ 6 (CCPA 1961)) (emphasis added). 

Appellants assert that the claims are not unpatentable over King in view of 
Rosenblum at least because there is no motivation or suggestion to combine the references, 
and Appellants respectfully request reversal of the rejection. 

2. King and Rosenblum in view of Gillies 

Claims 15-17 and 19 are rejected under 35 USC § 103(a) as being unpatentable over 
King in view of Rosenblum and further in view of Gillies et al (U.S. Patent No. 5,650,150; 
"Gillies"). Appellants respectfully disagree. 

a) Claims 15 and 19 

As argued in Section VII.B.l. of this Brief, claims 15 and 19 are not unpatentable 
over the combination of King and Rosenblum given that neither King nor Rosenblum provide 
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suggestion or motivation to combine with each other. It follows, then, that there can be no 
motivation to combine these references with any other reference, including Gillies. 
Furthermore, the Examiner cites Gillies as an obvious combination with King and Rosenblum 
because Gillies teaches a recombinant fusion of TNF-alpha to the heavy chain variable region 
of an antibody, yet by teaching a recombinant fusion of TNF to scFv23 Gillies teaches away 
from the conjugate nature of the subject matter of claims 15 and 19. 

b) Claims 16 and 17 

The Examiner alleges that claims 15-17 and 19, but particularly claim 16, are further 
obvious in view of Gillies because Gillies concerns making recombinant fusion of TNF-alpha 
to the heavy chain variable region of an antibody. As discussed above, the claims are not 
unpatentable over the combination of King and Rosenblum because there is no motivation or 
suggestion to combine King and Rosenblum with each other; therefore, there can be no 
motivation to combine these references with any other reference, including Gillies. 

Appellants assert that even if there were motivation or suggestion to combine King 
with Rosenblum, which Appellants do not acquiesce, there is furthermore no motivation to 
combine King and Rosenblum with Gillies! Gillies concerns recombination of TNF with a 
heavy chain variable region of an antibody. Having an earlier filing date than King and 
Rosenblum, the skilled artisan would be aware of Gillies' techniques to employ recombinant 
fusions, and yet neither King nor Rosenblum chose to utilize such methods in their working 
Examples. Therefore, one of skill in the art would similarly not be motivated to employ 
recombination fusions over the preferred conjugation techniques of King and Rosenblum. 

Appellants respectfully request reversal of the rejection. 
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VIII. CONCLUSION 



Appellants have provided arguments that overcome the pending rejection. Appellants 
respectfully submit that the Office Action's conclusions that the claims should be rejected are 
unwarranted. It is therefore requested that the Board overturn the Action's rejections. 

Please date stamp and return the enclosed postcard to evidence receipt of this 
document. 



Dated: 



S^^f* 500t? Respectfully submitted, 




By_ 

Melissa L. Sistrunk 
Registration No.: 45,579 
FULBRIGHT & JAWORSKI L.L.P. 
1301 McKinney, Suite 5100 
Houston, Texas 77010-3095 
(713) 651-3735 
(713) 651-5246 (Fax) 
Agent for Applicant 
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APPENDIX 1 
CLAIMS ON APPEAL 

15. A composition comprising a conjugate of tumor necrosis factor to a single 
chain antibody exhibiting binding specificity for an extracellular epitope of c-erbB-2 protein, 
wherein said single chain antibody is scFv-23. 

16. A composition comprising a fusion protein of tumor necrosis factor to a single 
chain antibody exhibiting binding specificity for an extracellular epitope of c-erbB-2 protein. 

17. The composition of Claim 16, wherein said fusion protein is recombinantly 
produced by fusing a gene encoding said single chain antibody to a gene encoding said tumor 
necrosis factor. 

19. The pharmaceutical composition, comprising the composition of claim 15 and 
a pharmaceutically acceptable vehicle. 



25696555.1 



11 



APPENDIX 2 



EVIDENCE APPENDIX 



Exhibit 1. King et al (U.S. Patent No. 5,587,458) made of record in the Office 
Action mailed June 14, 2006 

Exhibit 2. Rosenblum et al (Cancer Communications, 1991, Vol. 3, pp. 21-27) 
made of record in the Office Action mailed April 26, 2000 

Exhibit 3. Gillies (U.S. Patent No. 5,650,150) made of record in the Office 
Action mailed June 14, 2006 
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Antibody-Mediated Delivery of Tumor Necrosis Factor (TNF-a): 
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Abstract. Recombinant human tumor necrosis factor-a (TNF-a) is a macrophage-dcrived. ^^^J^ 

kDa)r*pudethalhasaremarkably broad range of biological and immunological^ 

Ld c^oxic^l cytostatic effects. TNF-a was coupled to murine antibody ZME-01 8, wh*h resizes a 240 

kDa glycoprotein present on over 80% of melanoma cells. The crosslinking was accc<nplished using the 

heterobffiuona^ 

tion on gel-permeation and affinity columns, the resulting eluate was analyzed by non-reducing SDS-PAGE, 
whichcJnfirm^ 

TKF conjugate was titered agaitm murine L-929 cells to demonstrate the presence of acuveTNF. ELISA of the 
conjugate against target BRO human melanoma cells or non-targetT-24celhdemor^ated specific 
to target ceils. Melanoma BRO cells were killed by the immunoconjugate (IC* of 10 units/mL), whereas native 
TNF-a had no effect at concentrations >50,000 unils/mL. The immunoconjugate and TNF-a were inacuve 
against T-24 non-target cells. These studies suggest that the sensitivity of cells to TNF was dramatically aug- 
mented by specific antibody mediated delivery to tumor cells. 



Murine monoclonal antibodies to human tumor 
cell surface antigens have the unique ability to distrib- 
ute to and accumulate within human tumors after sys- 
temic administration [1-5]. Numerous efforts have 
been made to exploit the selectivity and specificity of 
these reagents for cancer therapy [6-10]. Radiola- 
beled antibodies to human melanoma antigens [11, 
12], to CEA* [13, 14], and to other cell-surface anti- 
gens [1, 15-19] exhibit specific tumor localization in 
patients after administration. 

Murine antibody ZME-018 binds to epitope a a" 
of a high molecular weight antigen (gp240) found 
on the surface of more than 80% of melanoma cell 
lines and fresh tumor samples [20]. When labeled 
with 1,l In and administered systemically to patients 
with melanoma, ZME-018 has been found to localize 
in 77% of soft tisstfe melanoma lesions [21 ]. 

Because of their unique abilities to localize 
within human tumors after systemic administration, 
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'Abbreviations used: CEA, carcinoembryonic antigen; TNF-a, 
tumor necrosis factor; LT, lymphotoxin; IFN-a, a-interferon; 
SPDP, N-succimindyl 3-(2-pyridyldithio) proprionate; ABTS, 
2,2'-azino-bis (3-ethyl benzthia zoline-6 sulfonic acid); EDTA, 
ethylenedi amine tetraacetic acid; DMF, dimethyl forma mide; 
MEM, minimum essential medium; FBS, fetal bovine scrum; 
ELISA. enzyme-linked immunosorbent assay; PBS, phosphate 
buffered saline; Buffer A. 100 mM sodium phosphate, pH 7.0, 
and 0.5 mM EDTA;TEA-HCI. triethanolaminehydrocholoride; 
Buffer B, 5 mM bis-Tris acetate buffer, pH 5.8, 50 mM NaCl, 
and 1 mM EDTA; SDS-PAGE, sodium dodecyl sulfate poly- 
acrylimide gel electrophoresis; ZME-TNF conjugate, conjugate 
of murine antibody ZME-018 and TNF-a; BSA, bovine serum 
albumin. 



antibodies have the potential to serve as targeting ve- 
hicles for specific delivery of cytotoxic chemothera- 
peuuc agents, toxic peptides, biological response 
modifiers, and therapeutic radionuclides. 

TNF-a is a polypeptide secreted primarily by acti- 
vated macrophages [22], and it shares approximately 
30% structural homology with another peptide hor- 
mone, LT (also termed TNF-p), that is secreted by ac- 
tivated lymphocytes [23], Studies by Beutler et al. 
[24], Carswell et al. [25], and others [26, 27] have im- 
plicated TNF-a along with the other peptide hor- 
mones as one of those responsible for the mediation 
of the mammalian response to bacterial endotoxin. 
Considerable evidence also exists that TNF-a may 
play a role in the tumoricidal activity of activated mac- 
rophages [28]. Recendy, human TNF-a was purified, 
sequenced, and cloned by recombinant DNA tech- 
niques [29]. Purified human recombinantTNF-aisa 
single-chain, non-glycosylated polypeptide with a mo- 
lecular weight of 17.1 kDa [30]. In vitro, TNF-a is 
cytostatic or cytotoxic to a number of mammalian 
and human tumor cells [31). Tusujimoto et al [32] 
and Baglioni et al. [33] demonstrated that human 
cells in culture express high affinity (kDa of 10" 9 to 
10' 10 ) binding sites for TNF-a. Cells have been shown 
to contain between 100 and 5,000 receptors per cell; 
there has been,.however, no apparent correlation be- 
tween the number (or affinity) of receptors per cell 
and the cellular response to TNF-a antiproliferative 
effects [34], suggesting a mechanism beyond recep- 
tor signaling that accounts for TNF-a action. 

Recent clinical studies with TNF-a were disap- 
pointing [35-38] due to the inability to achieve 
tumoricidal levels of TNF-a in serum and the re- 
stricted cytotoxicity of this molecule. Antibody conju- 
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gates have the ability to modify the natural pharma- 
cology and therapeutic efficacy of proteinaceous bio- 
logical-response modifiers, such as IFN-a [39] and 
TNF-ou Accordingly, we have coupled recombinant 
human TNF-a to the murine and melanoma mono- 
clonal antibody ZME-018 using the heterobifunc- 
tional crosslinking reagent SPDP as a model system to 
evaluate the utility of antibody-guided delivery of en- 
dogenous cytotoxic cytokines. 

MATERIALS AND METHODS 

Materials. The reagents 2-iminothioiane, ABTS, 
and SPDP were obtained from the Sigma Chemical 
Co, (Sl Louis, MO). EDTA (disodium salt) was pur- 
chased from Boehringer Manneheim Corp. (Indian- 
apolis, IN). TEA-HCI was obtained from the Kodak 
Chemical Co. (Rochester, NY) and DMF was pur- 
chased from the Aid rich Chemical Co. (Milwaukee, 
WI). Tris buffer was obtained from Bio-Rad Labora- 
tories, Inc. (Richmond, CA). Recombinant human 
tumor necrosis factor (0.5 mg/mL, sp. act 5 x 10 7 
units/mL) was obtained from Genentech Inc. (San 
Francisco, CA). Antibody ZME-018 was a gift from 
Hybritech, Inc. (San Diego, CA). Dulbecco's modi* 
fied Eagle's medium was obtained from Cellgro, 
Inc. (Washington, D.C). MEM was obtained from 
CIBCO Laboratories (Grand Island, NY). FBS was 
purchased from Hyclone, Inc. (Logan, UT). Horse- 
radish-peroxidase conjugated goat antimouse anti- 
body for ELISA was purchased from Bio-Rad Labora- 
tories. 

Cells. Human melanoma cells A375-M and 
AAB-527 were obtained from Dr. LJ. Fidler of the M. 
D. Anderson Cancer Center (Houston, TX) and Dr. 
Pat Trown of Xoma Corp. (Davis, CA), respectively. 
The A375-M cells were routinely grown at a density of 
7 x 10* cells per T-75 flask in Dulbecco's MEM 10% 
FBS that contained gentamicin (0.05 mg/mL), 
added sodium pyruvate (100 mM), non-essential 
amino acids (10 mM), glutamine (200 mM), and 
MEM vitamins. The cells were routinely subcultured 
twice each week. The AAR527 cells were grown in 
Dulbecco's MEM 10% FBS that contained gen- 
tamicin (0.05 mg/mL) and added sodium pyruvate 
(100 mM). Murine Lr929 cells were purchased from 
the American Type Culture Collection (Rockville, 
MD) and were grown in Dulbecco's MEM 10% FBS 
that contained gentamicin (0.05 mg/mL) and gluta- 
mine (200 mM). 

All cells were routinely tested and found to be 
free of Mycoplasma contamination using the Gen- 
Probe assay kit (Fisher Scientific, Houston, TX). 

Conjugation of ZME-018 with TNF-a. ZME-018 (2 
mL, 4.85 mg/mL) in PBS was placed in a 12 x 75 mm 
glass tube; a solution of SPDP (6 mg/mL) in dry DMF 
was added, while being vortexed with a 5-fold molar 
excess of SPDP. The mixture was incubated for SO 
min at room temperature, and excess unreacted 
SPDP was removed by gel filtration on a Sephadex 
G-25 column (2x30 cm) equilibrated with Buffer A. 



The void-volume peaks, which contained protein, 
were pooled and kept on ice. 

TNF-a (5 mg, 0.5 mg/mL) was added toTEA-HCl 
and EDTA to a final concentration of 60 mM TEA- 
HC1, and 1 mM EDTA, pH 8.0; 2-iminothiolane was 
added to a final concentration of5 mM. The mixture 
was incubated for 90 min at 4°C under a stream ofNi. 
Excess iminothiolane was removed by gel filtration 
on a Bio-Rad P-6 column (2 x 40 cm) pre-equili- 
brated with Buffer B. The modified TNF-a that eluted 
in the void volumes were pooled and kept at 4°C. 

Modified ZME-018 in Buffer A was mixed with 
modified TNF-a in Buffer B in a molar ratio of 1:10. 
The pH of the mixture was adjusted to 7.0 by the addi- 
tion of 0.5 M TEA-HCI, pH 8.0, and the mixture was 
incubated for 20 hr at 4°C. The reaction mixture was 
purified by chromatography on Sephacryl S-300HR. 
High molecular weight fractions were pooled and 
further purified by chromatography on an affinity 
column. 

The affinity support for TNF-a was prepared by 
first dialyzing 300 ug of anti-TNF<i murine antibody 
(TNF-p, obtained from Genentech Inc.) in 0.1 M 
NaHCOj buffer, pH 8.5. AffigeHO resin (1 mL) from 
Bio-Rad Laboratories was transferred to a 5 mL cen- 
trifuge tube and washed three times with cold (4°C) 
deionized water. The antibody and the resin were ad- 
mixed and gently agitated at 4°C for 24 hr. The resin 
was washed, and the remaining active ester groups 
were blocked by the addition of 1 mL of 0.1 M 
NaHCOs, pH 8.0, and 0.1 mL of 1 M ethanolamine. 

The high molecular weight fractions from S-300 
chromatography (fractions 35-55) were pooled and 
applied to an anti-TNF-a affigel column (1 cm x 5 
cm) equilibrated with PBS. The sample was loaded 
and washed with 50 mL of PBS to elute free antibody. 
TNFkx, conjugated to ZME-018, was eluted by the ad- 
dition of 50 mM sodium citrate buffer, pH 3.0, which 
contained 150 mM NaCl. The column effluent was 
fractionated usingaGilson fraction collector (model 
FC- 80). Protein analysis of the various fractions was 
performed using a Bio-Rad protein assay. Fractions 
from the various steps were analyzed by silver-stained 
SDS-PAGE using a 5-15% acryl amide gradient gel. 

ELISA of ZME-018 and ZME-TNF conjugate. An 
ELISA was performed to determine the immunoreac- 
tivity of the ZME-TNF conjugate compared to ZME- 
018 alone. Briefly, 5 x 10 4 melanoma cells (A375-M) 
per well were added to 96-well polyvinyl microliter 
plates (Falcon Plastics, Inc., Oxnard, CA). The plates 
were dried for 18 hr at 37°C and then washed twice 
with lOmM PBS, pH 7.4, thatcontained 0.1% Tween- 
20 and 0.02% Thimersol (washing buffer). Antibody 
ZME-018 or the ZME-TNF conjugate was diluted in 
washing buffer that contained 0.1% BSA f and then 
added to each well. The plates were incubated for 1 
hr at room temperature. After three washes with 
washing buffer, 50 nL of a 1:1000 dilution of horse- 
radish peroxidase*conjugated goat anti-mouse IgG 
(Bio-Rad Laboratories) was added to each well, 
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which were incubated for 1 hr at room temperature. 
After another three washes, 100 uL of substrate (1 
mM ABTS), which contained 1 fiL/mL of 3% hydro- 
gen peroxide was added to each well. The reaction 
was stopped after 10-20 min by the addition of 5% 
SDS in PBS; absorbance at 405 nm was measured with 
an EUSA reader. 

In vitro cytotoxicity of TNF-a and ZME-TNF conju- 
gate. To examine the cytotoxicities of ZME-TNF con- 
jugate and TNF-ct, antigen-positive human mela- 
noma cells (A375-M or AAB-527) in MEM with 10% 
FBS were plated on 96-well plates at a density of 5 x 
1 0* cells per well and were allowed to adhere for 24 hr 
at S7°C in 5% COv After 24 hr, the medium was re- 
placed with medium that contained various concen- 
trations of either TNF-a or the ZME-TNF conjugate. 

Measurements of the effects ofTNFvand ZME-TNF 
conjugate on cell growth. The efFects on the growth of 
tumor cells in culture were determined by crystal 
violet staining. After additional incubation for 72 hr 
at 37°C, the medium was aspirated, and the cell 



monolayers were rinsed three times with Ca ,+ - and 
Mg 8 *- free PBS. Following the final rinse, wells were 
tapped dry, and cells were fixed and stained by the 
addition of 0.5% crystal violet in 20% methanol (0.1 
mL/well). Following a 10 min incubation, plates 
were rinsed three times in deionized water, and crys- 
tal violet was extracted from adherent cells by the ad- 
dition of0.2mLofSorenson's buffer per well (0.1 M 
sodium citrate, pH 4.2, in 50% ethanol). Cell plates 
were vortexed for 30 min at room temperature, and 
the absorbance was read at 540 nm (Model ELr309, 
Bio-Tek Instruments, Winooski, VT) and compared 
with control wells (medium alone). All values shown 
are means of duplicate experiments performed in oc- 
tuplicate. 

RESULTS 

Conjugation of ZME-018 with TNF<i. Once the 
coupling procedure was completed, the ZME-TNF 
conjugate reaction mixture was applied to an S-300 
gel permeation column. As shown in Figure 1A, 
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Figure 1. Analysis of the ZME-TNF conjugate reaction mixture. (A) The reason 

on™ephacryl SSOOHR.The two major peata composed of ZME-018 and ZME-TNF conjugate ^tectums 3«S) and free TNF-« 
(fractions 60-75) were separated. (B)The S-300 high molecular-weight peafa (fractions 35-55) were 

Affigel 10 column coupled to an anti-TNF-a antibody and equilibrated with FBS. The sample was loaded and washed with PBS to 
elute free ZME-018. TNF-a conjugated to ZME-018 was eluted by the addition of 50 mM sodium citrate buffer that contained 1 50 
mM NaCl, pH 3.0. Protein analysis for collected fractions exhibited a flow-through peak (fractions 16-25) and a Jxjund peak (frac- 
tions 59-70). (C) Fractions bom the various purification steps were analyzed by siWer-stamed £DS-PAGE using a 5-15% 
acwlamide gradient gel. The ZME-TNF conjugate reaction mixture (lane 3) shows the presence of free ZME-018 and wux«^ 
TNFTThe high molecular- weight fraction from S -300 chromatography demonstrates fte presence o r free ZM E-0 1 8 antibody and 
hiah mo e^Twelght conjugal essentially free of unreacted TNF-o. The major peak frorr I the afrmtty chrornatography flow- 
SSuTflaMS) confined free ZME-018 Jtibody and high molecular-weight component while the bound material Xlane 6) was 
composed primarily of ZME-018 conjugated to one or two TNF-a molecules, with lesser amounts of free ZME-018. 
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analysis of the column effluent revealed two major 
peaks: a high molecular weight peak composed of 
free ZME-018 antibody and the ZME-TNF conjugate 
(fractions 35-55) and a lower molecular weight peak 
(fractions 60-75) composed of free TNF-a. Analysis 
of the pooled high molecular weight peaks of SDS- 
PAGE (Figure 1C) demonstrated the presence of 
free ZME-018 antibody and of a high molecular 
weight conjugate essentially free of TNF-a. Applica- 
tion of the high molecular weight conjugates to an 
anti-TNF-a affinity column (Figure IB) demon- 
strated a flow-through peak that was composed pri- 
marily of ZME-018 antibody and a high molecular 
weight conjugate (Figure 1C). 

After purification using affinity chromatogra- 
phy, the final product was found by SDS-PAGE to be 
composed of ZME-018 coupled to oneTNF«« mole- 
cule (major), ZME-018 bound to two TNF-a mole- 
cules (minor), with lesser amounts of free ZME-018 
(Figure 1C, lane 6). There was no detectable free 
TNF-a in the final preparation. The final product, 
however, as shown in Figure 1 C also appeared to con- 
tain small amounts of a high molecular weight mate- 
rial. .This material may have represented a small 
amount of antibody-TNF-a aggregates. 

To determine whether the functionality of the 
ZME-018 antibody was compromised by covalent 
coupling to TNF-a, the binding of native ZME-018 
and ZME-TNF conjugate to antigen-positive mela- 
noma (A325-M) ceils was assessed by ELISA. As 
shown in Figure 2. both ZME-018 and the ZME-TNF 
conjugate bound to target cells to the same extent. 
Neither ZME-018 nor ZME-TNF conjugate bound 
detectably to non-target human bladder carcinoma 
(T-24) cells (data not shown). 

To determine the functionality of the TNF-a 
component of the ZME-TNF conjugate, a TNF-a bio- 
assay was performed as previously described [25], 
One unit of activity is defined as the amount of pro- 
tein which will cause 50% cytotoxicity to murine 
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Figure 2. Determination by ELISA of the Immunoreactlv- 
Ity of the ZME-TNF conjugate compared with ZME-018 
alone In antigen positive melanoma (A325-M) cells. Both 
ZME-018 and ZME-TNF conjugate bound to antigen-positive 
A375-M melanoma cells. Key: ZME-018 (o), ZME-TNF con- 
jugate <•). 



L-929 cells. The activity of the final preparation was 
0.6 x 10 6 units/ mg protein. This activity translated 
into a final activity of 0.1 1 x I0 15 units/mol of ZME- 
TNF conjugates (assuming an average molecular 
weigh t of 1 80 kDa) . Thus, the biological activity of the 
ZME-TNF conjugate against L-929 cells was approxi- 
mately 10-fold less than that of native recombinant 
TNF-a (10 15 units/mol). Preliminary studies prior to 
conjugation demonstrated that chemical modifica- 
tion of TNF-« with the 2-iminothiolane reagent re- 
duced the biological activity of the molecule 2-fold. 
Thus the reduction in biological activity of the ZME- 
TNF conjugate may have been due to steric factors 
that accompany proximity to the large immuno- 
globulin molecules. The cytotoxicity of the ZME-TNF 
conjugate was assayed against log-phase antigen-posi- 
tive human melanoma (A375-M) cells in culture. A 
50% growth inhibitory effect was obtained with a con- 
centration of 30 units/mL of TNF-a alone (Figure 3). 
In contrast, a 10-fold lower concentration (3 units/ 
mL) of ZME-TNF conjugate was required to achieve 
the same effect. Thus, against antigen-positive cells, 
ZME-TNF conjugate was 10-fold more active on a unit 
basis than native TNF-a. On a molar basis, however, 
the ICso for TNF-a of 30 units/mL translates into a 30 
x 10* 11 M concentration, and the ICso for ZME-TNF 
conjugate of 3 units/mL translates into a concentra- 
tion of 27 x 10" M. 

Maximal binding of ZME-018 antibody to target 
cells occurred within 2 hr of exposure at 37°C (data 
not shown). Continuous exposure, however, of cells 
to TNF-a itself for 12-18 hr was required to attain an 
optimal cytotoxic efFecL If ZME-018 antibody bind- 
ing to melanoma cells mediates the cytotoxicity of the 
ZME-TNF conjugate, cytotoxicity of ZME-TNF conju- 
gate should occur with minimal exposure. A 2 hr 
pulse exposure of ZME-TNF conjugate or TNF-a to 
A375-M melanoma cells (Figure 4) demonstrated no 
appreciable cytotoxicity (-10%) of TNF-a under 
these conditions at concentrations up to 2,000 units/ 




10" 1 10° 10* 10 2 
Concentration (uniis/mL) 



1(P 



Figure 3. Cytotoxicity of ZME-TNF conjugate and TNF-a 
against antfgen-posltlve human melanoma cells (A375-M). 
The cells were incubated for 72 hr and analyzed for relative cell 
proliferation by crystal violet staining. Values shown are the 
means of eight duplicate experiments. Key: ZME-TNF con- 
jugate^), TNF-a (O). 
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Figure 4. Pulse-exposure of TNF-a or ZME-TNF conjugate 
against A375-M cells. The cytotoxicity of the ZME-TNF con- 
jugate and TNF-a alone was evaluated against log-phase human 
melanoma (A375-M) cells treated for 2 hr with either agent. 
This experiment was performed as described in Figure 3 except 
that2 hr after treatment with TNF-a or ZME-TNF conjugate, the 
medium was removed, and the cells were washed two times 
with fresh medium and incubated for an additional 70 hr. Cyto- 
toxicity was evaluated using the crystal violet assay. Key: 
TNF-a (o), ZME-TNF conjugate (•). 



100r 




10° 



10* 10* * 10 3 

Concentration (units/mL) 



Figure 5. Enect of ZME-018 addition on the cytotoxicity of 
ZME-TNF conjugate. A continuous-exposure cytotoxicity as- 
say using various doses of TNF-a or ZME-TNF conjugate was 
performed as described in Figure 3, Key: ZME-TNF conjugate 
alone (■). TNF-a alone <t0. ZME-TNF conjugate + 50 jig/mL 
of ZME-018 (•). 

mL. In contrast, ZMEXTNF conjugate demonstrated 
60% cytotoxicity after a 2 hr exposure of the highest 
dose (2,000 units/mL) tested. These studies demon- 
strate that the ZME-TNF conjugate required a short- 
er cellular exposure duration than TNF-aalone, most 
probably because of antibody-mediated interaction 
of TNF-a with either intracellular or cell-surface com- 
ponents. 

To further examine the antibody-mediated cyto- 
toxicity of the ZME-TNF conjugate, concentration- 
response curves for ZME-TNF conjugate and TNF-a 
were generated against antigen-positive human mela- 
noma cells in the presence or absence of either 
ZME-018 or an irrelevant, murine antibody (Figure 
5). In the presence of irrelevant antibody, the ZME- 
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Figure 6. The cytotoxicity of ZME-TNF conjugate evalua- 
ted against an antigen-positive, TNF-a-reslstant, human mel- 
anoma cell line (AAB-527). A 72 hr continuous-exposure cyto- 
toxicity assay was performed as described in Figure 3 using log- 
phase AAB-527 cells. Key: ZME-TNF conjugate (•), TNF-a (o). 

TNF conjugate exhibited 50% cytotoxicity (ICso) at a 
concentration of 2 units/mL. In the presence of free 
ZME-018 (50 ng/mL), the cytotoxicity of the ZME- 
TNF conjugate was suppressed and generated a con- 
centration-response curve similar to that of TNF-a 
alone. Thus, the augmented cytotoxicity of the ZME- 
TNF conjugate compared with TNF-ot alone ap- 
peared to be mediated by specific binding to the cell 
surface antigen recognized by the ZME-018 antibody. 

The cytotoxic effects of the ZMErTNF conjugate 
were tested against various cell types. Against TNF-a- 
resistant antigen-negative bladder carcinoma (T-24) 
cells, the ZME-TNF conjugate did not demonstrate 
growth-modulating effects (cytotoxic or growth-stim- 
ulatory) . However, against antigen-positive TNF-a-re- 
sistanthuman melanoma (AAB-527) cells (Figure 6) ( 
the ZME-TNF conjugate demonstrated 50% cytotoxi- 
city at a concentration of 10 units/mL. At a concen- 
tration of 100 units/mL, the ZMErTNF conjugate 
showed more than 95% growth inhibition against tar- 
get cells. In contrast, TNF-a alone at concentrations 
of up to 100,000 units/mL showed no cytotoxic ef- 
fects. Therefore/ the ZME-TNF conjugate demon- 
strated impressive growth inhibition effects against 
cellsresistantto TNF-a alone. Since this effect was ob- 
served only with antigen-positive cells, the data sup- 
port the hypothesis that the observed increase in cyto- 
toxicity was mediated by the binding of ZME-018 anti- 
body to the cell surface. 

DISCUSSION 

The ability of a murine antibody to augment the 
cytotoxic properties of TNF-a action has several pos- 
sible explanations. The antibody may hold TNF-a at 
the cell membrane in proximity to the TNF-a recep- 
tor and, thus, result in improved recognition of the 
TNF-a ligand by the TNF-a receptor. Alternatively, 
the interaction of the ZME-TNF conjugate with the 
TNF-a receptor may differ from that of TNF-a alone 
and may modulate or interfere with the nominal eel- 
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lular processing of the TNF-a receptor-ligand com- 
plex [40], On the other hand, internalization of ac- 
tive TNF-a via the ZME-TNF conjugate complex may 
allow interaction of TNF-a ligand with intracellular 
receptors for TNF-« and may generate an intracellu- 
lar cytotoxic signal. 

Our group [41] and others [42, 43] have shown 
thatlFN-a can also be successfully coupled to murine 
monoclonal antibodies to create an antiviral and 
cytotoxic agent that is more selective and effective 
than free IFN-a. Since biological response modifiers 
such as TNF-a and IFN-a may suffer from poor tumor 
selectivity and a short biological half-life, coupling to 
monoclonal antibodies may confer selectivity and 
augmented sensitivity to otherwise non-specific cyto- 
toxic agents. 

If in vivo targeting studies demonstrate localiza- 
tion of the ZME-TNF conjugate within tumors, this 
reagent may be clinically useful for tumor-targeted 
delivery of the biological response modifier TNF-a. In 
addition, antibody»mediated delivery of biological re- 
sponse modifiers may, in general, provide a new gen- 
eration of tumor-directed agents with improved se- 
lectivity and greater biological activity. 
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